Background. DR Congo has adopted universal salt iodization to reduce disorders due to iodine deficiency. Since 1994, only iodized salt can be imported, but there is currently no routine monitoring of the iodine content of distributed salt. It is therefore unclear if iodine deficiency remains a health problem, particularly in pregnant women.
Introduction
Iodine is the basic substrate needed for the synthesis of the thyroid hormones T 3 (triidothyronine) and T 4 (tetraiodothyronine or thyroxine), which are implicated in all vital functions of the organism [1, 2] . Seafood (seaweed, shellfish, mollusks, and fish) is the primary natural source of iodine [3, 4] . In many regions, leaching after erosion depletes the soil's iodine content. Consequently, the vegetables that grow from the soil are iodine deficient. Moreover, cooking and storage methods can reduce the concentration of iodine in foods [5] . It is also imperative to monitor foods in order to avoid the consumption of goitrogenic foods such as cassava, which contains cyanide, and cabbage, which contains isocyanides.
Multiple studies have shown that thyroid volume is inversely proportional to iodine intake [1, 2] . In the absence of a diet supplying an adequate amount of iodine, the human body is subject to certain pathologies known as iodine-deficiency disorders. The main signs of the disorders are mental retardation, cretinism, goiter, and an increase in the number of miscarriages. These disorders have various consequences for the socioeconomic development of regions or countries because affected individuals are less vigorous, are difficult to educate and motivate, and are thereby less productive [6, 7] .
In order to prevent and control iodine-deficiency disorders, the World Health Organization (WHO) has recommended the consumption of foods rich in iodine and/or an external supply of iodine in the form of iodized salt or iodized oil [8, 9] . Based on an ideal level of table salt consumption (≤ 5 g per day), WHO, UNICEF, and the International Council for the Control of Iodine Deficiency Disorders (ICCIDD) recommend that 20 to 40 mg of iodine per kilogram be added to table salt [9] . Two types of fortifiers are used: potassium iodide and potassium iodate. Compared with potassium iodide, potassium iodate has a stronger photostability and thermostability. In the face of salt impurities, humidity, or porous packaging, potassium iodate is the recommended form for tropical countries and for poor-quality salt [10] [11] [12] . The packaging of table salt in small (5 to 500 g) amounts in polyethylene plastic boxes or in glass jars, which are more waterproof than the usual bags, prevents the loss of iodine content during transport and vending, as well as during household storage. It has been shown that glass conserves the iodization level of salt better than polyethylene plastic, which conserves iodine better than cellulose paper [13] .
The town of Lubumbashi is located in a hot and dry tropical climate, quite distant from the ocean. Its population is estimated as about one million, with a 3% increase per year, but there is no recent census (the last census was conducted in 1984 and reported 564,830 inhabitants). The population does not have easy access to seafood products. Foods rich in iodine are not a part of their basic diet. Their primary source of iodine is the iodized salt that they use to season and preserve their food [14] . Under these circumstances, the Democratic Republic of Congo, a country where all dietary salt is imported, has adhered to the prevention and control of iodine-deficiency disorders by adopting universal iodization of dietary salt. This commitment led to the signing of an interministerial decree in 1993 supporting regulation of the production, quality control, and sale of iodized salt. A series of measures to apply this national regulation was put in place in 1994. These measures included a prohibition on the import of noniodized salt and the control of salt iodization. According to legal texts used by of the Office of Congolese Control (OCC), the iodine content of salt at the production level at the beginning of implementation of the Universal Salt Iodization Program was between 30 and 100 ppm [15] . Currently, DR Congo requires an iodine content of 40 ppm at the production level to provide an iodine content of 20 to 40 ppm in the salt as it reaches the consumer [16] . To promote this strategy, incentives such as tax relief for importation of iodized salt were undertaken. A survey of 3,240 school-aged children performed between July and August 2007 across the entire country showed that iodized salt was available in 97.5% of households (92.4% in Katanga) and that the national prevalence of goiter was 1% (2.8% in Katanga). No cases of cretinism were reported [14] .
However, a recent study of urinary iodine content among pregnant women showed a prevalence of iodine deficiency of 42% in poor areas of Lubumbashi [17] .
Implementation of a dietary salt iodization program demands a tight supervision of the iodine content in salts with a frequent consumption rate. Excessively high levels could increase the prevalence of hyperthyroidism among consumers, and insufficient concentrations would not eliminate iodine-deficiency disorders. The present study aimed to identify the principal table salt sale centers in Lubumbashi and to evaluate the iodine contents of salt consumed in households.
Materials and methods

Study design, sampling, and framework
This cross-sectional study enrolled 225 pregnant women, 75 mothers of newborns, and 75 nonpregnant reproductive-aged women, for a total sample size of 375 women. The sample included 125 women from each of three maternity hospitals in the Province of Katanga, DR Congo: Lubumbashi University Clinics, located in an urban zone with quite comfortable living conditions for the country; Bongonga Health Center, located in a semiurban zone with less comfortable living conditions; and Katuba General Hospital, in a rural zone with insecure living conditions. The choice of pregnant women and controls was based on the increase in iodine needs during pregnancy; the sample size was chosen to detect an increase in urinary iodine of 50 µg/L during pregnancy at the .05 significance level with a power of 80%, keeping a balance between groups and centers. The sample size calculation was based on the urinary iodine concentration in pregnant women from Lubumbashi, because no Congolese data were available on the iodine content of household salt before the study began. The women were randomly selected from among those receiving prenatal consultations in the three participating centers and from women consulting for other reasons than antenatal care. All women gave written informed consent to participation in the survey and agreed to provide a household salt sample. The study protocol was approved by the Medical Ethics Committee of the University of Lubumbashi.
The study was conducted between March 2009 and April 2011. Individual face-to-face interviews were conducted after the medical consultation for 30 minutes, using a validity-tested questionnaire that included 10 open-answer questions.
In order to minimize information bias, data collection was done in a quiet room by three interviewers (a chemist, a nutritionist, and a physician). The interviewees were asked to respond sequentially to a series of questions from a predefined questionnaire. At the end of the interview, they had the option of asking questions or further discussing a topic. During the interview, the women were asked to provide about 20 g (2 tablespoons) of table salt from their households. The samples had to be brought in on the following day in a closed, dry cylindrical polyethylene tube supplied by the interviewers.
To evaluate the women's level of knowledge of iodized salt, they were asked "Have you heard about the importance of eating iodized salt for your health?" and "Do you consider this importance when you buy salt?" These questions also enabled researchers to make a distinction between the salt that was really iodized and the salt that was sold as iodized salt. The salt samples were packaged in cardboard boxes to protect them from light and were kept for a maximum of 3 days before being analyzed for iodine content in the Laboratory of Chemical and Mineral Analysis at the University of Lubumbashi.
Measurement of iodine in salt
The iodine content of the salt samples was determined by volumetric iodometric titration [18] . The iodine contained in the salt was released in molecular form by adding sulfuric acid (H 2 SO 4 , 2N) in the presence of an excess of potassium iodide (KI 10%) and then back-titrated with sodium thiosulfate (0.005M). A starch indicator was used to mark the endpoint of the reaction. Using a table, the iodine content was raised to parts per million. The values obtained were then classified according to the standard limits of 15 to 40 ppm set by WHO [9] , which are close to the 20 to 40 ppm adopted by DR Congo [16] .
Because of their non-normal distribution, the iodine contents of the salt were expressed as medians and interquartile ranges. Statistical analyses were performed with EpiInfo software, version 3.3.2, and p < .05 was considered to indicate a significant difference.
Results
Among the 375 women interviewed, 4 (1%) had never been to school, 85 (23%) had a primary education, 244 (65%) had a secondary education, and 42 (11%) had a university education. Only 151 women (40%) said they had heard about the importance of eating iodized salt for one's health, and only 46 (12.2%) of these 151 said they took iodine content into account when buying salt by checking for the words "iodized salt" on the package. Table 1 reports the place of purchase of table salt. Most women (84.3%) usually bought their salt at local markets. Other places included Lubumbashi town stores (9.3%) and supermarkets (6.4%).
Almost all salt was purchased in bulk. Salt was kept at home in five kinds of containers: plastic boxes, glass jars, porcelain dishes, metal boxes, and cellulose paper. More than three-quarters of the women used plastic containers; glass jars were used more often than porcelain dishes, such as plate or mugs, or metal boxes. One pregnant woman said she kept her salt in cellulose paper (table 2).
The iodine content of the salt showed great variability. Overall, the iodine content of the salt samples varied between 0 and 100.5 ppm. As shown in figure 1, 52 of 375 salt samples (13.9%) contained no iodine at all, 22.4% had an iodine content below 15 ppm . 2) . The iodine content of household salt was sufficient (between 15 and 40 ppm) in 53.6% of households in the urban zone, compared with 41.6% in the semiurban zone and 39.2% in the rural zone. The proportion of households using noniodized salt was larger in the rural zone (19.2%) and the semiurban zone (13.6%) than in the urban zone (8.8%) (p < .001).
The median iodine content of salt kept in households varied according to the place of purchase and the watertightness of the material used to store the salt. The median iodine content was significantly higher in samples bought in supermarket stores than in samples from local markets and was significantly lower in samples bought in small stores than in samples from local markets or supermarket stores. The median iodine content of salt stored in glass jars or metal boxes was higher than that of salt stored in plastic boxes or porcelain dishes, but these differences were not statistically significant (table 3) .
Discussion
In response to questions asked during the interviews, only 12.3% of pregnant women answered yes to both questions: they used iodized salt when cooking food and took iodine content into consideration when purchasing salt. This result indicates an urgent need for an awareness campaign on the health benefits of iodized salt.
The great majority of the women (85.1%) bought their salt in the local markets, mainly at Katuba II, Pande, and Mzee, the main food shopping places that are open markets in Lubumbashi. Salt is sold packaged in bulk in raffia bags, spread out onto trays, or even placed in basins where it is exposed to dust and sunlight. The relationship between iodine content and retail selling practices is described in the literature 
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Evaluation of iodine content [19] [20] [21] . As a volatile element, iodine is sensitive to sunlight, humidity, and heat. In a study of iodized salt consumption in Cameroon, percentage losses were 41.3% between factory and distribution chain and 82.3% between distribution chain and households [20] . In the Ivory Coast, losses of also about 84% were observed between distribution chain and households [19] . This Ivory Coast study, as our own study, was based on samples collected at the household level. Six percent of the women bought their table salt in supermarket stores. They reported that this salt, which had for them a higher commercial value than the salt sold in the public open markets, was packaged in boxes or waterproof bags. The iodine content was given on the label. This perception of a higher quality in big shops is explained by a higher socioeconomic level of these women. The iodine measurements showed indeed that almost all of the salt samples from supermarket stores were sufficiently iodized according to Congolese and WHO standards. Only one sample from a supermarket store did not contain iodine. Our findings of median iodine content according to type of household storage material are similar to those of Diosady et al. [13] , who studied the stability of iodine in salt doubly fortified with both iodine and iron. The study showed that closed receptacles made of glass or plastic were more efficient at preserving iodine than plastic bags or receptacles made of cellulose paper [22] .
Of the 375 salt samples, 323 contained at least traces of iodine, which represents an availability of 86.1% for iodized salt in households. This proportion is below the iodine fortification goal of at least 95% in salt destined for human and animal consumption, set by WHO for the year 2007 [9] . In 2007, a national survey evaluating the struggle against iodine-deficiency disorders in DR Congo found an availability of 92.4% for iodized salt among the 397 samples of salt collected from schoolaged children. An availability of 97.5% was observed in the same study in 2,927 samples from households at the national level [14] .
Almost 4 of 10 households (36.3%) in the three survey sites were consuming salt with an insufficient iodine content (< 15 ppm). In contrast, 18.9% were consuming salt with too high an iodine content (> 40 ppm). Only 44.8% of households had salt that was properly iodized. This finding indicates a certain amount of slack in the administration of the Congolese control programs. WHO estimated a 79% availability of adequately iodized salt in households in DR Congo between 2003 and 2008 [23] . With regard to the amount of iodine-rich salt, our results support the study of iodine-deficiency disorders published by Zimmermann et al. in The Lancet in 2008 [7] . According to this study, DR Congo has the most excessive iodine intake of any African country, followed by Uganda and Kenya. This excessive intake of iodine could be a factor that increases the rate of hyperthyroidism within the population. In fact, the former Congolese standard required that imported salt have an iodine content of 100 ppm at the production stage. In 2000, a national study done by Ntambwe [14] on the evaluation of iodine-deficiency disorders in DR Congo among schoolchildren aged 6 to 13 showed a 96.7% availability among households with a median urinary iodine level of 495 µg/L, which corresponds to an excessive iodine intake. In 2007, a similar study reported a median urinary iodine level of 249 µg/L, which corresponds to a more-than-sufficient iodine intake [14, 24] . These studies recommended a review of the Congolese standards for iodized salt. The standard iodine content of 100 ppm at production was lowered to 40 ppm or 66 mg of potassium iodate per kilogram of salt, as indicated by WHO/UNICEF/ICCIDD in 2003 [7, 9] . The present study revealed that 52 of 375 samples of table salt (13.9%) did not contain iodine; these samples came primarily from markets and stores in semiurban and rural zones. The presence of noniodized salt could be due to the fact that the iodized form (iodate) of iodine was oxidized because of poor packaging of the salt in nonwatertight material or to practices by the retailers that decreased the iodine content. Another possibility is that the markets and stores are fraudulently selling craft, noniodized salt or industrial salt that has been diverted for human consumption. In 2007, a national survey of the struggle against iodine-deficiency disorders in the DR Congo showed the presence of craft, noniodized salt in markets and households in Katanga coming from Musosa village on the border between Zambia and Katanga, and Pweto and Nguba villages situated around Lubumbashi town [24] . Commercial competition could also explain the absence of iodine. Given that the iodization of salt increases its price, consumers will obviously opt for the salt that is cheaper in value but equal in taste and quality. Sanou et al. showed that the stability of iodate in salt varies according to the size of the granules, the number of impurities in the salt, and humidity [21] . In the United States, the results of a series of measurements showed that the percentage losses in iodized salt were elevated when the humidity of the salt was high [25] . In the present study, the humidity of the salt samples was not determined.
Iodized salt is the only means used to prevent iodinedeficiency disorders in DR Congo [14] . However, iodized salt reaches groups that do not necessarily need the same daily intake of iodine. The need for iodine differs for pregnant women, breastfeeding women, and reproductive-aged women. The need is high for pregnant and breastfeeding women, which explains their high risk of iodine deficiency and goiter [25] . In pregnant women, iodine clearance as well as the transfer of maternal iodine to the fetus increases the need for iodine according to the trimester of the pregnancy [26] . Urinary iodine content, as an indicator of recent iodine intake, is a universally accepted measurement to evaluate alimentary iodine intake in the population [27] . According to Plantin et al. [28] , a sudden massive intake of iodine for someone who previously had a poor daily intake increases the risk of hyperthyroidism. Prolonged excessive iodine consumption has an effect on the synthesis and release of thyroid hormones. This can cause a moderate hypothyroidism or provoke a hyperthyroidism depending on the thyroid's current condition [29] . In China and Japan, goiter is frequent due to a diet that is too rich in iodine [30] .
Making available large quantities of salt containing sufficient iodine requires a permanent adjustment and regular controls at all levels of the distribution chain. Such actions will contribute to improvement of the population's health by adequately covering daily needs of iodine. Data from field surveys at various levels of the distribution chain are needed to identify the causes of consumption of insufficiently or excessively iodized salt.
Conclusions
The National Nutrition Program of DR Congo should institute monitoring of the iodine content of salt placed on the market in Lubumbashi to determine the presence or absence of iodine in salt with the aid of a rapid test kit. Our study, which evaluated the iodine content of salt consumed by 375 women in Lubumbashi, found that only 44.8% of pregnant women used salt that was correctly iodized, 36.3% used salt that was insufficiently iodized (of which 13.9% was completely noniodized), and 18.9% used salt that contained too much iodine. We do not have any information on the consequences of the consumption of inadequately iodized salt in Lubumbashi. However, noniodized or insufficiently iodized salt may perpetuate the problem of iodine-deficiency disorders in DR Congo. The iodine content of salt should be regularly controlled at all levels of the distribution chain so that the program against iodine-deficiency disorders can be more efficient in DR Congo.
